
AD 

Award Number:  DAMD17-01-1-0279 

TITLE:  Serum DNA Microsatellites as Surrogate Genetic Markers of 
Breast Cancer Progression 

PRINCIPAL INVESTIGATOR:  Dave S. B. Hoon, Ph.D. 

CONTRACTING ORGANIZATION: John Wayne Cancer Institute 
Santa Monica, California  90404 

REPORT DATE:  October 2002 

TYPE OF REPORT:  Annual 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT:  Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

20030328 243 



REPORT DOCUMENTATION PAGE Form Approved 
0MB No. 074-0188 

1     A/2CMOV HOC rkftii %/ /■ 1-1-^ It    1   L    *Jn.^L. ^ .^_  1. AGENCY USE ONLY (Leave blank) . REPORT DATE 
October 2002 

4. TITLE AND SUBTITLE 

Serum DNA Microsatellites as Surrogate Genetic 
Markers of Breast Cancer Progression 

3. REPORT TYPE AND DATES COVERED 
Annual   (1 Get  01 - 30  Sep 02) 

6. AUTHOR(S): 

Dave  S.   B.   Hoon,   Ph.D. 

5.  FUNDING NUMBERS 

DAMD17-01-1-0279 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

John Wayne Cancer Institute 
Santa Monica,   California     90404 

BMail: hoond® j wci. org 
9. SPONSORING / MONTTORMG AGENCY NAME{S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

11. SUPPLEMENTARY NOTES 
report contains color 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

12a. DISTRIBUTION / AVAILABILITY STATEMENT ~~  
Approved for Public Release; Distribution Unlimited 

12b. DISTRIBUTION CODE 

A variety of genetic aberrations, including loss of heterozygosity (LOS) 
Have been identified in primary breast cancers and their metastasis and showA 
prognostic significance. However, assessing these genetic events in tumor 
tissue provides information that is static, limited to the time the biopsy was 
obtained, and may not reflect those genetic events that continue to occur during 
disease progression and may have additional diagnostic and prognostic utility 
Furthermore, serial tumor biopsy is not clinically practical or logistically 
feasible during patient treatment and follow-up. Because blood is a major route 
of metastatic dissemination, detection of circulating tumor-associated genetic 
markers may provide a less invasive and more informative method to assess 
disease. During the past year, we have demonstrated the presence of r»JA 
microsatellites with LOH in the serum and bone marrow aspirates of early stage 
breast cancer patients and found a significant concordance with those present in 
the primary tumor. In addition, the detection of serum LOH was associated with 
those primary tumors having increased proliferation indices, and serum LOT 
incidence and frequency were correlated with advancing stage of disease The 
findings may provide an innovative aK)roach for surveillance, staging and the 
assessment of subclinical disease progression and response to therapy  
t4. SUBJECT TERMS 
breast cancer, genetic markers, microsatellites 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 
NSN 7540-01-280-5500 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

15. NUMBER OF PAGES 
50 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

     Unlimited 
Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



Hoon,   DSB 

TABLE  OF  CONTENTS 

Cover  1 

SF  298  2 

Table of Contents   3 

Introduction  4 

Body  5-9 

Key Research Accomplishments  10 

Reportable Outcomes  11 

Conclusions  12 

References  13 

Appendices  14 



Hoon, DSB 

INTRODUCTION 

Breast cancer initiation and progression involves the serial 
accumulation of a variety of genetic (DNA) alterations to the cell 
(1) . One such event involves loss of heterozygosity (LOH) of DNA 
which has been shown to occur frequently in primary breast cancers and 
more so in metastatic disease (2) . It has been suggested that these 
allelic losses associated with malignancy may involve potential tumor 
suppressor genes and/or metastasis regulator genes (3,4). Detection 
of these circulating tumor-associated DNA markers in the blood from 
cancer patients may serve as surrogate markers of subclinical disease 
progression and permit identification of high-risk patients early in 
their disease course (4-6). Furthermore DNA based genetic testing of 
serial blood samples offers an easily accessible route by which to 
evaluate ongoing genetic events which may have prognostic significance 
(7) . This new approach provides for a minimally invasive method to 
monitor subclinical disease progression and offers a novel technique 
for potentially assessing response to therapeutic interventions in 
early stage breast cancer patients (8). 

We have successfully demonstrated the detection of circulating 
DNA microsatellites for LOH in the serum of breast cancer patients 
(9) . Furthermore the correlation of these findings with similar 
profiles in breast tumor tissues confirms the origin of these tumor- 
specific DNA fragments. Additionally, we have shown the frequencies 
of these DNA markers to increase with advancing tumor stage and 
ongoing investigations are evaluating correlations with other known 
clinical and pathologic prognostic factors associated with breast 
cancer. Because breast cancer is often diagnosed early and is 
associated with a prolonged time to recurrence we are in the process 
of following these patients with serial blood draws and marker 
analysis for long-term clinical correlations. We are currently 
developing a methodology to allow for high throughput and multiplexing 
of DNA markers in order to more efficiently and accurately evaluate 
multiple samples and establish a molecular marker profile for each 
individual patient. 

Finally we have recently identified tumor-associated 
microsatellite alterations in the bone marrow of early stage breast 
cancer patients. These findings may prove critical as the most 
frequent site of distant recurrence in breast cancer is the bone and 
early detection and classification of tumor cells in bone marrow may 
better select patients for specific systemic therapies that target 
these tumor cells. Similar to our aims with serum markers of 
malignancy we are investigating these findings in a larger cohort of 
patients and with clinical follow-up to determine the prognostic and 
clinical implications of these findings. 

With earlier disease detection, an increasing need exists to 
establish molecular methods for assessing occult disease progression, 
monitoring response to therapy, and ongoing genetic events associated 
with tumor biology, which will lead to ^improvements in the care of 
breast cancer patients H? I 
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BODY 
Aim la:    Assessment of microsatellite markers for LOH in seriun. 

In this aim, we assessed breast cancer patients' serum for LOH 
using a panel of eight polymorphic microsatellite markers (TP53, 
D16S421, D17S855, D17S849, D14S5, D14S62, D10S197 and D8S321) on five 
chromosomes known to demonstrate frequent LOH in primary breast 
tumors. We have completed the assessment of serum collected from 71 
breast cancer patients from the following stages of disease: AJCC 
stage I, 30 patients; AJCC stage II, 26 patients; AJCC stage III, 7 
patients; and AJCC stage IV, 8 patients. DNA was isolated, purified 
and quantified from serum obtained pre-operatively from AJCC stage I- 
III patients and at the time of diagnosis from AJCC stage IV patients 
(Appendix 1 and 2) . In addition, paired lymphocyte DNA was isolated 
from each patient to serve as a normal control. Following PCR, 
fragments were separated by gel electrophoresis and LOH was assessed 
using a fluorescent scanner and ClaritySC 3.0 software (Media 
Cybergenetics, Silver Spring, MD) . The presence of LOH was scored if 
at least a 50% reduction in signal intensity was noted in one allele 
from serum DNA when compared to its corresponding allele in paired 
lymphocyte DNA (Figure 1). Samples were run in triplicate. Serum was 
collected from 3 0 healthy female donors and assessed in a similar 
manner. 

We identified 20 (28%) of 71 patients' serum samples to 
demonstrate LOH for at least one of the microsatellite markers 
assessed. LOH on chromosome 17 was most common, occurring in 7 of 63 
patients (11%) (Table 1). 

Figure  1. 

D14S62 D16S421 D17S849 

Allele 1- 

Allele 2- 

LOH 

Table 1.  LOH Frequency in Breast Cancer Patients' Serum Samples 
 Microsatellite Marker LOH Frequency* 

D17S849 
D16S421 
D10S197 
D8S321 
D14S62 
D17S855 
TP53 

D14S51 

11% 
10% 
7% 
6% 
1% 
1% 
1% 
0% 

♦Positive LOH/total informative 
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Interestingly we found the frequency of LOH detected increased 
with advancing patient stage: 17% (5 of 30) stage I; 27% (7 of 26) 
stage II; 43% (3 of 7) stage III; and 63% (5 of 8) stage IV (Table 2). 

Table 2.  LOH Frequency Relative to AJCC Stage 
AJCC Stage LOH in Informative Patients* 

I 5/30 (17%) 
II 7/26 (27%) 
III 3/7 (43%) 
IV 5/8 (63%) 

LOH was not detected in serum from any of the healthy female 
donors. Preliminary analysis of DNA quantitation using the Picogreen 
assay of early stage breast cancer patients' serum did not find an 
association between circulating DNA concentration and serum LOH 
markers. In addition, we have expanded our panel of markers for LOH 
detection to include other "hotspot" regions from chromosome arms Ip, 
2p, 6q, 8q, Up and 22q while dropping marker TP53 on chromosome 17 
for its low frequency. 

Aim lb.    Assessment  of  LOH  markers  in  fluid  of  bone  marrow 
aspirations. 

For this aim because bone is such a common site of breast cancer 
recurrence, we sought to determine whether microsatellite markers 
associated with breast cancer could be detected in BM aspirates from 
patients with early stage breast cancer. Cell-free plasma from BM 
aspirates in 48 patients was collected intra-operatively from patients 
undergoing surgery for their primary breast cancer diagnosis (Appendix 
3) . This was a retrospective study of BM aspirates previously 
collected. Eight polymorphic microsatellite markers which correspond 
to regions that have been shown to demonstrate significant LOH 
suggesting sites of putative tumor suppressor and/or metastasis 
related genes were selected: D1S228 at lp36; D8S321 at 8qter-8q24.13; 
D10S197 at 10pl2; D14S51 at 14q32.1-I4g32.2; D14S62 at 14q32; D16S421 
at 16q22.1; D17S849 at I7pter-17gter and D17S855 at 17g. Methods were 
developed to optimize extraction of DNA from BM plasma. DNA was 
isolated from acellular fluid obtained from BM aspirations, purified 
and quantified. Paired lymphocytes were collected from each patient 
and DNA extracted to serve as normal control for each PCR reaction. 
Following PCR, fragments were separated by gel electrophoresis and LOH 
was assessed using a fluorescent scanner and ClaritySC 3.0 software. 
LOH was scored in a manner similar to serum DNA analysis. LOH was 
identified in 11 (23%) of 48 patients' BM aspirates. LOH was most 
commonly identified at microsatellite marker D14S62 occurring in 4 
(12%) of 34 informative patients. Microsatellite markers 
demonstrating LOH at D1S228 and D14S51 occurred in 3 (8%) of 38 
informative patients each, followed by LOH at D8S321 (5%), D10S197 
(4%) , and D17S855 (3%) . No LOH was detected for microsatellite 
markers D16S421 and D17S849 (Table 3). 
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Table 3.   LOH  frequency  in  Breast  Cancer  Patients'  Bone  Marrow 
Aspirates  
Microsatellite marker      LOH in BM aspirates/informative cases (%) 

D14S62 4/34 (12%) 
D14S51 3/38 (8%) 
D1S228 3/38 (8%) 
D8S321 2/39 (5%) 
D10S197 1/26 (4%) 
D17S855 1/37 (3%) 
D17S849 0/31 (0%) 
D16S421 0/28 (0%) 

No LOH was detected for any of the microsatellite markers 
assessed BM aspirates collected from five healthy female donors. 
There was an increased association between the presence of LOH in the 
BM and advanced disease stage. Six (19%) of 32 AJCC stage I patients 
demonstrated LOH for at least one marker, in contrast to 4 (31%) of 13 
AJCC stage II patients, and 1 (50%) of 2 AJCC stage III patients (Table 
4) . In addition, circulating microsatellites for LOH detected in 
early stage disease patients was associated with primary tumors 
demonstrating increased proliferative indices as evaluated by Ki67, S 
phase, and ploidy status (Appendix 4). 

Table 4.   Association of LOH in patients' BM aspirates with AJCC stage 
 AJCC Stage   Patients with LOH in BM/ total Patients (%)  

I                               6/32 (19%) 
II                               4/13 (31%) 

 III 1/2 (50%)  

This study demonstrates the novel finding of tumor-related 
genetic markers in BM aspirate plasma of early stage breast cancer 
patients and provides a unique approach for assessing subclinical 
systemic disease progression, and the monitoring of breast cancer 
patients. 

Aim Ic.    Correlation of LOH microsatellite markers in paired bone 
marrow and primary tumors. 
To determine whether a correlation existed between LOH detected in 
early stage breast cancer patients' bone marrow and primary tumors, we 
assessed 10 match-paired specimens with identical microsatellite 
markers. DNA was isolated from paired primary tumor and bone marrow 
specimens analyzed using 8 microsatellite markers (D1S228, D8S321, 
D10S197, D14S51, D14S62, D16S421, D17S849 and D17S855) . Gel 
electrophoresis was performed and results assessed for each specimen 
using a positive cut-off for LOH of >50%. Among all ten samples, LOH 
detected in the bone was also present respectively in the primary 
tumors (Figure 2) . In this pilot study, no LOH was identified in the 
bone marrow that was not found in the patients paired primary tumors. 
We are currently investigating a larger cohort of patients with 
additional microsatellite markers to determine if these early findings 
remain consistent for all disease stages and among the different 
length microsatellite repeats. 
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In addition, we are in the process of assessing microsatellite markers 
in match-paired in serum and primary tumors from the same patient. 

Figure  2. 

D14S51 

Allele 1>- 

Allele 2>j 

■LOH 

Allele 1>- 

Allele 2>- 

D14S51 

N    BM    T 

D8S3221 

Allele 1- 

-^-LOH 

Allele ^>-, 

LOH 

Aim Ila.   Assessment  of  circulating  tumor  cells  in  blood  by- 
qualitative RT-PCR and correlation to LOH in serum 

In this study we have assessed blood from 65 breast cancer 
patients (average age: 56 years; range: 29-83 years) diagnosed with 
the following AJCC stage: stage I, 26 patients; stage II, 23 patients; 
stage III, 9 patients; and stage IV, 7 patients (Appendix 5). RNA was 
extracted from cells in the blood and analyzed using an ultrasensitive 
electrochemiluminescence detection solution phase technology (IGEN) 
with specific probes for the presence of four tumor markers (P-HCG, c- 
MET, GalNAc and MAGE-3) previously demonstrated to be expressed in 
breast cancer specimens. The most frequently expressed marker 
detected was GalNAc, 24 patients (37%) ; followed by |3-HCG, 22 patients 
(34%); iyiAGE-3, 9 patients (14%); and c-MET, 7 patients (11%). In 32/65 
(49%) patients blood samples demonstrated the presence of only one 
marker. The addition of multiple markers increased the number of 
patients with a positive blood sample to 45 (69%) from 32, improving 
sensitivity by 20%. No markers were detected in the blood from any of 
the forty healthy donor volunteers. Correlation of marker expression 
will be performed with known clinicopathologic prognostic parameters 
associated with breast cancer. Furthermore, we are currently in the 
process of collecting and assessing and assessing matched-paired serum 
samples for LOH and circulating tumor cells in the blood by 
qualitative and quantitative RT-PCR for correlation. 

Aim lib.   Assessment  of  circulating  tumor  cells  in  blood  by 
quantitative RT-PCR 

Currently we are developing and optimizing markers used in Ila 
for quantitative RealTime RT-PCR (qRT). Primers, probes and standards 
have been developed. The assays for individual markers are being 
evaluated on controls for specificity and sensitivity. The optimized 
assays will be used for assessment of blood from patients. 
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Aim lie.   Assessment of isolated tiunor cells in blood 
Currently, we are assessing iramunostaining of apoptotic cells in 

culture and tissue sections. The objective is develop an optimized 
assay that can be informative and reliable. We find single cells are 
difficult to assess for apoptosis whereby, clumps of cells are easier 
to assess. Currently we are developing techniques to improve 
isolation of tumor cells from blood. Different types of magnetic beads 
and antibodies are being tested to get optimal cell isolation. 

Aim Ilia.  Neoadjuvant treatment analysis 
To date we have not analyzed patients receiving neoadjuvant 

treatment. 
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KEY RESEARCH ACCOMPLISHMENTS 

Developed a panel of informative microsatellite markers for LOH 
assessment in breast cancer 
Developed a method to qualitatively and quantitatively assess the 
presence of circulating tumor DNA in the blood breast cancer 
patients 
Developed a method to qualitatively and quantitatively assess the 
presence of circulating tumor DNA in the bone marrow of breast 
cancer patients 
Demonstrated the presence of circulating DNA with LOH in the serum 
of breast cancer patients 
Demonstrated the presence of  circulating DNA with LOH in the 
acellular plasma from bone marrow aspirations of breast cancer 
patients 
Determined that the presence of circulating microsatellite markers 
for LOH in breast cancer patients'  serum correlates with those 
present in the primary tumor 
Determined that the presence of circulating microsatellite markers 
for LOH in breast cancer patients' bone marrow aspirates correlate 
with those present in the primary tumor 
Demonstrated that LOH in early stage breast cancer patients' serum 
is associated with primary tumors having increased mitotic activity 
and proliferative indices 
Demonstrated that serum LOH incidence and frequency is associated 
with advancing patient stage 
Demonstrated that bone marrow LOH is associated with increasing 
primary tumor size and infiltrating lobular type histology 
Demonstrated that bone marrow LOH presence is associated with 
advancing patient stage 
Demonstrated detection of circulating tumor cells in breast cancer 
patients using molecular markers, c-Met, U-MAGE, and P-hCG 

10 
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REPORTABLE OUTCOMES 

A. Manuscripts 
1. Taback B, Shu S, Giuliano AE, Hansen NM, Singer FR, Hoon D. 

Detection  of  Tumor-Specific  Genetic  Alterations  in  Bone 
Marrow from Early Stage Breast Cancer Patients (submitted) 

2. Taback B, Chan AD, Kuo CT, Bostick P, Wang H, Giuliano AE, 
Hoon D. Detection of Occult Metastatic Breast Cancer Cells 
in Blood by a Multi-molecular Marker Assay: Correlation with 
Clinical Stage of Disease. Cancer Res, 61: 8845-8850, 2001 

3. Taback B, Giuliano A, Hansen N, Hoon D. Microsatellite 
Alterations Detected in the Serum of Early Stage Breast 
Cancer Patients. In: P. Anker and M. Stroun (eds.), 
Circulating Nucleic Acids in Plasma or Serum II. Ann NY Acad 
Sci 945: 22-30, 2001 

B. Abstracts 
1. Taback B, Shu S, Hansen N, Giuliano A, Hoon D. Detection of 

Tumor-Specific  DNA  in  Breast  Cancer  Patients'  Sera. 
Department of Defense Era of Hope Proceedings, Vol II: P24-7, 
2002 

2. Taback B, Giuliano AE, Hansen N, Hoon D. Circulating DNA 
Microsatellites with LOH in Early Stage Breast Cancer 
Patients Serum is Associated with Increased Tumor 
Proliferation.  Clinical Chemistry, 47: 365, 2001 

3. Taback B, Chan A, Kuo C, Nguyen D, Giuliano A, Hoon D. 
Molecular Detection of Metastatic Cells in the Blood of 
Breast Cancer Patients.  Department of Defense Era of Hope 
Proceedings, Vol I: 121, 2 000 

4. Taback B, Giuliano AE, Nguyen D, Nakayama T, Hansen N, 
Martino S, Fournier PJ, Hoon D. Tumor-Related Free DNA 
Microsatellites Detected in Breast Cancer Patients Serum 
Correlates with Disease Progression. Proceedings of the 
American Society of Clinical Oncologyl9: 606a, 2000 

11 
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CONCLUSIONS 

During the past year we developed and standardized techniques for 
the detection and assessment of circulating tumor-associated DNA in 
the serum and bone marrow aspirates from patients with breast cancer. 
Our studies demonstrate that tumor-specific DNA for LOH can be 
identified in the blood of breast cancer patients. In addition, for 
the first time, we have demonstrated this occurrence in the bone 
marrow of early stage breast cancer patients. These findings are 
significant because blood is a significant route for metastasis and 
the most frequent site of systemic recurrence is bone. Furthermore, 
because ongoing genetic events have been associated with cancer 
progression and may provide valuable diagnostic and prognostic 
information, detection of these alterations in the blood and bone 
marrow may provide a novel approach for improving patient staging, 
identification of high risk patients for additional therapies earlier 
in their disease course, assessing subclinical response to therapy, 
and occult disease surveillance. 

12 
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ABSTRACT: Breast cancer is the most common malignancy affecting women. 
Advances in screening have resulted in an increasing trend towards detecting 
earlier stage tumors associated with a longer disease-free survival. Because of 
this prolonged latency period, it is critical to identify patients early m their dis- 
ease course who are at increased risk for recurrence, whereby treatment deci- 
sions may be altered accordingly based on more precise uiformation. 
Molecular markers that demonstrate prognostic importance as well as utility 
for assessing subclinical disease progression offer one such approach. Specifi- 
caUy, circulating microsateilite alterations that reflect those genetic events 
occurring in tumors and that can be seriaUy assessed through a mmunally 
invasive procedure are a logisticaUy practical method. In this study, serum was 
collected preoperatively from 56 patients with early stage breast cancer (AJCC 
stages LID and assessed for loss of heterozygosity (LOH) using 8 microsateilite 
markers. Twelve (21 %) of 56 patients demonstrated LOH in their serum for at 
least one marker. Histopathologic correlation revealed an association between 
the presence of circulatmg LOH in serum and those tumors with increased 
proliferation mdices as characterized by an increased diploid index, elevated 
MEB-l fraction, and abnormal ploidy. These findings demonstrate the presence 
of circulating microsateUite alterations in the serum from patients with early 
stage breast cancer. The association of known poor prognostic features found 
in tumors with increased nuclear activity not only suggests a possible etiology 
for their presence, but also offers a potential blood-based surrogate marker for 
this disease that may demonstrate cUnical utility in long-term follow-up studies. 

KEYWORDS: Breast cancer; MicrosatelUte alterations; Loss of heterozygosity 
(LOH); Serum 

INTRODUCTION 

Breast cancer remains a major pubHc health concern m the United States. It is the 
most frequent anatomical site of cancer diagnosis among American women, with an 
estimated 190,000 new cases for 2001.1 ^ore so, with 40,000 projected breast 
cancer-related deaths this year, it continues to be the most common cause of cancer 
mortaHty among women aged 20 to 59 years and is second only to lung cancer m 
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A nw.r 1 Advances in breast cancer screening and an enhanced women 60 years and °lder.   Advances m^^^^ ^^^^^.^^ ^^ ^^^^^ ^^^^^ 
pubHc awareness have resulted m a dramatic increase x compared to 

"Z'sentiy the histologic status of the axillary lymph nodes remains the srn^e 
Presently, me msroiogi nredictins overall survival m patients drag- 

cancer detection, many studies nave comumo TiPirative axillary 
undergoing breast cancer surgery for invasive f^X^Zl^.l^f^^ 

lymph nodes by l^stop^^f^J-^-^^wn J^ ™t pre'diLg the 
;^Xj::rr^t:r^at:refore m^y spare a majo^^^^^^^^^ 

alent, if not -PPl™-r'/-S"''=°^„f !:^ "are composed of a heterogenous 
fj;=erStrh=?taScrmr^^^^^^ 

Of the mmor history and may not ^''^J'^"^^^^^ ^^i.^vely indolent natnre in response to a particular treatment, and (3) tecauseo^^^^^^^^ y 

of most breast cancers, assessing the prima^ ^^^/tM calccur during disease 

markers of disease progression and response to treatment 

£ri::.it?^rst::r:d^rhif^^^^^^^^ 

r^::™: -.- How^Zttdons in seLitivity and specificity have been *^™ 
Te^r^lththis technique, —| .nior c,, h^g^^^ <^^^^^^ 

::nsiti:i~rfe:?i,mves'Bga.ors have evaluated gen* 

-rie^^t=^^ra=^^^^^^^^ 
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mmor cells andhavebeen shown to demonstrateclonality.Therefo^^^ 

specific markers that can be used to assess disease presence.   ■ , ,^ .U„H bv 
The iDresence of circulating nucleic acids in plasma/serum was first descnbed by 

. .   T. ^ T^% 10A7 37 Tt was not until 30 years later that circulating free Mandel and Metais in 1947.    it was not unm JU y^ .nnn r ^^^ ^f^j 38 
DNA was demonstrated to be elevated in patients with cancer. In 1977, Leon .r a/, 
usmg a radioimmunoassay for DNA quantitation found ^^^^J^^A le^^^^^^ 
markedly elevated in cancer patients when comp^ed to normal ^^^^^^^^^^^^ ^^^^ 
centration: 13 ng/mL vs. 180 ng/mL, respectively)^Furthermor^sen^ DN» 
were twice as high in patients with metastatic disease as compared to patients 
So "me^staS thus herring that circulating f.e DNA may be u^ t. momtor 

disease progression, f^^t ^^^^^^^^ f^- 
workers characterized the nature of tbis curcuiaiing ui^n. i- ivrnT^hnrvteO 
tumor cell origin (i.e., as opposed firom other sources such as ^^^^ y^P^o^^^^^^^ 
that the field of using genetic-based markers in blood as surrogates of disease was 
^39,40 

The historical methods for DNA extraction, quantitation, and assessment were 
timecolming, lacked spedficity,and were assoc^tedwith^ 
hazardous radioactive and toxic organic solvents.^^'^^ With current conmiercially 
av'lable kits, quahty DNA can be rapidly and efficiently extracted fr^^^ serum and 

plasma in a linSted amount of time. Furthermore, f ^^^^.^^^^^/^f ,^ °^^^^^ 
as the CORVAC serum separator tube (Shenvood-Davis & G^, St^Xoui   M^^^ 
ensure a more reliable transport by displacing a physical gel bamer, after centnfu 
;S, beTween the two compartments (clotted blood and serum to P-ent o^go^^ 
contamination of the serum from DNA that may be released as   U ^^^ergo lysi 

To date despite the widespread prevalence of breast cancer, httle is known of its 
association Sfrle DNA in the serum. Studies in other tumor models have 
ZonralltltctionofcircuM^^ 
of cancer patients is frequent and therefore may have cbuical ^^^^'^^'^^^^^^^ 
and/or prognostic tool. The purpose of this study was to ^^^lfl^f.^l^'^^^^^ 
and to evaluate the frequency of genetic alterations, particularly LOH, m c^c^^^^^ 
DNA among American women with breast cancer. Eight microsatelhtes that map to 
r^StiTpJevio^ly shown to demonstrate frequent LOH in prhnary breast tumors on 
five chromosomes, namely, 8, 10, 14, 16, and 17, were evaluated. 

MATERIALS AND METHODS 

Fiftv six natients with a diagnosis of breast cancer at the John Wayne Cancer 
J^rsiTX^:n..U^ Center were evaluated. Blood was coll^^^^^^^^^^^ 
ooerativelv from 30 stage I and 26 stage H breast cancer patients undergoing breast- 
coSS surged and lymphatic mapping with sentinel lymph node biopsy. In 
aS^n blood was taken from 30 healthy female donors. Semm separator mbes 

we'fusedtocollectallbl^^^ 
and DNA was extracted using a QIAamp DNA ^^ ^HQia^en, Ya^^^^^^^^^^^^^ 
Lymphocytes were collected from each patient and DNA was extracted usmg 

DNA'ZOI (Molecular Research Center, Cincinnati, OH) f^^^^^™J^^^.^m 
performed on each patient's paired samples (norma lymphocyte DNA and serum 
DNA) using FAM-labeled primer sets for 8 microsatellite markers. TP53, D17S855, 
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D16S421 D17S849 

Allele 1 ■ 

Allele2' LOH 

Allele 1 

Allele 2 

^.^nnQtratine LOH in breast cancer: patients' 

S, semm. Arrows represent the posinoi. of the alleles. 

D17S849. D16S421, D14S62. D14S51, D10S197. a.d D8S321 (Research Genedcs, 

Huntsville, AL). ^t.^„i,nrp<;i^ on a 6% denaturing polyacryl- 
PCR products were separated by ^^''^'^°^^;^^^^J'Xnomy^SCnuoi..c<>nt 

arrride gel (PAGE) -f *-%^es w^^ -™e^ u.^^^^^^ 

DNA. 

RESULTS 

serum saruples. for at 17""%°^ "f„f^ Secular markers and 3 padents 
patients (16%) erinbited LOH for only °« °'™ ^ j^ ng^„^ „ith early stage 
[5%) had LOH on two ^f-^^d n h^SS forC ^f t^- Lulatiug micro- 
breast cancer, no LOH was '"=««™ ™ , ; microsatellite marker demon- 
sateUites. For informative cases, the most ^J'V^ ^rhis was followed 
stratingLOHwasDI6S421, occu™gm4o„7p^^^^^^ ,^ ^^^ ^^^^^^^ 

by D10S197 demonstrating LOH m 9* ot pane circulating micro- 
JABLB 1). As expected, there ™i^"c'J'3tgrn ^ -ve^us stage I (27% vs. 
satellites for LOH - P^^-%** ,^^'; Xted the 12 patients demonsttating 
17%, respectively; TABLE 2). P™^^';" ^^ ^„o„„ histopathologic factors 
LOH in their serum for clmical correlation wim 
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Microsatellite marker LOH frequency^ 

D16S421 11% 

D10S197 9% 

D8S321 8% 

D17S849 7% 

D14S62 2% 

D17S855 0% 

D14S51 0% 

TP53 0% 

Total 21% 

^Positive LOH/total informative patients. 

TABLE 2. Detection of LOH according to AJCC stage 

AJCC stage    ^     LOH in total patients 

I 5/30(17%) 

n 7/26 (27%) 

associated with a poorer prognosis: tumor size, grade, ^^S^'^^fft^;^''''^: 
Bloom-Richardson score, ploidy, DNA index, S phase fraction, Mffi-1, HER2, and 
p53 protein overexpression. In aU but two cases, circulating LOH was associated 
with primary tumors demonstrating abnormal ploidy, increased diploid index, and 
MIB-1 Serum from 30 healthy female donors did not demonstrate LOH for any ot 
the microsateUite markers assessed. Finally, serum from 5 patients identified as 
having only DCIS was evaluated for LOH. No circulating LOH was detected m any 
of these patients or those with invasive tumors less than 1 cm m size. 

DISCUSSION 

This is the first comprehensive study to demonstrate the presence of circulating 
DNA microsatellite alterations in the serum from a significant cohort of early stage 
breast cancer patients. The cuirent study provides substantial evidence that tumor- 
associated DNA microsatellites are present in the serum from patients witii early 
invasive breast cancer and therefore may serve as surrogate markers of disease. 
These findings are of significant clinical importance as most patients with early 
stage breast cancer (AJCC stages I and H) can be adequately staged and treated with 
contemporary breast conservation surgery, lymphatic mapping/sentinel lymph node 
biopsy, adjuvant radiation, and chemotherapy. However, 20-30% of patients with 
negative lymph nodes will develop a recurrence and, for that reason, additional 
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methods are needed to idendfy and follow this high-risk group of patients. DNA- 
rXoSr^ngthrougLlood surveillance offe^an^^^^^^^^^^ 

approach. We found ^--^1,—"" ^^iS^^^^^^^ 
'^^f::%C^^^^T2Z7Zccl.,. n.Uennore. we found that dre 
prclnce rf «ing LOH in early stage breast cancer padents was associated wtth 
nrimarvtiimors of increased mitotic activity. . nv    u^^ 
'"SoT^mdies demonstrating fl,c presence of circulating '^^^^ 
ations for LOH have identified these findings m the plasma of ^^st ™cer 
Sents"-^ Reported incidences of plasma LOH have ranged from 27% to 66%. 
Svew a ven- heterogeneous population of tumors were evaluated for eachstudy, 
STiendS towS larger Lmor sizes and more advanced stages of disease^ 
Sirinfomo^lSra^ investigations, we evaluated paired plasma and serum from 
SfenilouS Plater yields of free DNA in serum using the Ptcogreen assay 
patients ana rounu gie      j ,/irfi,ion most smdies demonstrate no correla- 
(Moleoular Probes, Eugene OR). In addition most sm 
tion with any cUnical or patholopc parameters. Mere cmncaiiy peru 
^rtn dentifv circulating molecular markers early in tiie disease course that may 
hL:;™^^tic d^cLe and could serve as surrogates for momtonng tumor 

^TetS-SrL~of «s disease, there is a paucity of reports m 
the iS^e identling circulating nucleic acids in the plasma/serum of breast 
fltfpatot^ MoSso many have reported difiiculty with at least some aspect of 
te tTcCr«^° Chei et I demonstrated tiiat they could improve detection of 
ScuStog LOT by assessing serum instead of plasma and by die addition of teer 
fluoresSuce^d 1 automatic sequencer in place of radioactive autoradiography 
MS% YS 2lVrrespectively).« AlLugh fliey report a higher detection rate, aU of 
Sek Jior «;« 1 Si or peater in size and more than half had lymph node involve- 
mentTuXo™ l^ph^ode stams, indicating a patient population wA more 
Svlced^reTUs technique may prove more sensitive flian conventional den- 
^temetac ana'ys s of standard gels, but additional direct comparisons are requu-ed_ 
S,:So d^JiSIne any clinicfl utility for «s assay, larger scale studies are needed 

"Irlatc^fc^l'otSmt common diseases to affect women, with approx- 
im^erle to dgrbeing diagnosed during flieir lifetime. More distnrbmg is fliat 
^^ IsTwrn dfe of the' disease despite improvements fa radiographic screening 
meldf^cd staging techniques, and adjuvant chemoflierapy. ttus, addition^ 
meSods'ie needed L would furdier improve current stagmg techmques and that 
wo*d1deTti^ patients at increased risk for recurrence who may benefit firom more 
rlssTv "tifaSent up front. More so, methods that permit the monitoring of oc uIt 
toe orogression may distinguish patients who are not respondmg to cuirem tteat- 
mSregtars SoriLtifypatienLtincreasedrisktorrelapse, dtenngd^^^^^^^^ 

maSng ™atment plans earlier in die disease course that may prove beneficial Braun 
r^ demon^rld that the persistence of breast cancer micrometastasis m the bone 
m^owfoUowing adjuvant chemotherapy was associated wifli a worse progno is. 
Z:;ro..isLg,'.befeasibilityof^*rmmg*ismvas^ 

?rre\:;:r:sreTsrSgrapSg^^^^^^^^^ 
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method is costly, can be time-consuming to the patient, and more importantly 
requires the presence of a significant tumor burden for detection. Ideally, a blood test 
would provide a logistically practical approach for assessing disease progression 
through a minimally invasive route that is easily accessible. Furthermore, blood- 
based DNA detection assays are highly specific and, with PCR amplification, provide 
an extremely sensitive method to assess submicroscopic disease. If long-term studies 
prove these results to be clinically significant, these findings would afford the 
physician the opportunity to intervene earlier in the disease course, which may prove 
to be of substantial benefit to the patient. This has already been demonstrated by 
clinical studies showing a survival advantage with chemotherapy in node-negative 
breast cancer patients.^^•'^^ However, not all of these patients would have subse- 
quently developed recurrent disease, and therefore a higher degree of discrimination 
is needed when exposing all patients to a costly and potentially toxic therapy.^^ The 
true benefit of adjuvant chemotherapy for early stage breast cancer will only occur 
in those patients who have metastatic disease that currently would elude present-day 
detection methods. Techniques that enhance the identification of early metastasis 
will provide a more selective and cost-effective use of adjuvant therapy. The 
detection and surveillance of circulating tumor-associated microsatelHte alterations 
may provide a novel approach to the monitoring of breast cancer and thus provide 
valuable information that may aid treatment decisions. 
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CIRCULATING DNA MICROS ATELLITES WITH LOH IN EARLY STAGE 
BREAST CANCER PATIENTS SERUM IS ASSOCIATED WITH INCREASED 

TUMOR PROLIFERATION T   .-^.   c   . 
B. Taback. A.E. Giuliano, N. Hansen, D. S.B. Hoon. John Wayne Cancer Institute, Santa 
Monica, CA, USA 

LOH of DNA microsatellites is a common genetic event occurring in primary 
breast tumors and can be detected in blood. However, clinicopathologic correlations are 
limited and inconsistent which may be due to the varied patient populations assessed and 
differences among techniques. The purpose of this study was two-fold: 1) demonstrate 
the presence of LOH in the serum from early-stage breast cancer patients (EEC), and 2) 
determine whether correlations exist with known histopathologic parameters. 

Preoperative serum was obtained from 56 patients (stage I and H) undergoing 
segmental mastectomy and sentinel lymphadenectomy, and assessed for LOH with 8 
microsatellite markers: TP53, D16S421, D17S855, D17S849, D8S32U D10S197, 
D14S62 and D14S51. Twelve of 56 (21%) patients demonstrated LOH for at least one 
marker, most frequent was D16S421 (11%). No LOH was detected in 5 patients with 
DCIS or those with tumors < 1 cm. In all, but two cases, cfrculating LOH was associated 
with primary tumors demonstrating abnormal ploidy, increased diploid index and MIB-1 
fraction. .      , j,,. 

This comprehensive study provides evidence demonsfratmg the presence ot free 
tumor-related genetic markers in EEC serum. The association of these findings with 
tumors manifesting known pathologic features consistent with increased prohferation 
suggests a possible etiology for their presence. 
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ABSTRACT 

Detection of genetic markers associated with early breast cancer may prove 

clinically relevant for identifying patients at increased risk for relapse. Loss of 

heterozygosity (LOH), a specific genetic aberration, commonly occurs during breast 

cancer initiation and metastasis. Early detection of tumor metastasis to bone marrow 

(BM) using conventional histochemical techniques has been limited due to sub-optimal 

efficiency and sensitivity. Because bone is such a common site of breast cancer 

recurrence, we sought to determine whether microsatellite markers associated with breast 

cancer could be detected in BM aspirates from patients with early stage breast cancer. 

Cell-free plasma ftom BM aspirates in 48 patients was assessed for LOH using a panel of 

eight polymorphic microsatellite markers. LOH was detected in 11 (23%) of 48 patients' 

BM aspirates. Advancing AJCC stage was associated with an increased incidence of 

LOH. Concordance was present between LOH identified in BM aspirates and matched- 

pair primary tumors. No samples contained detectable tumor cells on routine histology. 

This study demonstrates the novel fmding of tumor-related genetic markers in BM 

aspirate plasma of early stage breast cancer patients and provides a unique approach for 

assessing subclinical systemic disease progression, and the monitoring of breast cancer 

patients. 



INTRODUCTION 

Bone is the most frequent site of systemic spread of breast cancer (1, 2). Once 

metastases are clinically apparent overall prognosis is poor. Undetected occult tumor 

cells contribute to disease recurrence and therefore methods to identify subclinical 

disease (iTiicrometastasis) may improve staging and guide additional therapeutic 

decisions. Historically, conventional cytologic assessment of blood and bone marrow 

(BM) aspirates has been performed with limited success (3, 4). hnmmiocytochemical 

techniques using antibodies specific to epithelial antigens have improved sensitivity and 

can identifying a single tumor cell amongst a background of >1 million normal cells (5, 

6). Enrichment methods with antibody-magnetic bead conjugates of BM aspirates have 

demonstrated the presence of occuh tumor cells in early stage breast cancer patients (5, 

7). Recently it has been shown that detection of micrometastasis in the BM of early stage 

breast cancer patients is an independent prognostic risk factor (8, 9). However, accurate 

microscopic analysis of many cytologic samples requires considerable cytopathologic 

expertise and can be tedious particularly if performed serially to assess disease 

progression and or response to treatment. Additionally, tlie variable specificity of 

individual antibodies used to detect single cells has been questioned (8, 10, 11). Finally 

these assay systems cannot characterize the biologic behavior of the cells bemg detected 

and thus many may represent dormant tumor cells, apoptotic cells, nonpathologic tumor 

cells or displaced normal breast epitlielial cells. 

A variety of serial genetic changes have been unplicated in tlie initiation and 

progression of solid tumors. One such event, allelic unbalance (loss of heterozygosity; 

LOH) has been shown to occur commonly in primary breast tumors and with additional 



frequency in metastasis (12-15). Furthermore, there is emerging evidence to suggest that 

microsatellite marlcers for detecting LOH at specific chromosome loci may have 

important clinical prognostic correlations (12, 16, 17).   However, examination of an 

excised primary tumor specimen may be of limited value in that it provides information 

of tliose genetic events that have occurred and not ongoing alterations which may be of 

clinical relevance, either prognostically or for therapeutic decisions.    Additionally, 

because of the potentially long latent period that may exist between early breast cancer 

diagnosis and clinically detectable systemic recurrence, improved assessment methods 

are needed for serial surveillance of occult disease progression and monitoring response 

to therapy. 

Recently it has been shown that free tumor-associated DNA can be identified in 

the serum and plasma from patients with melanoma, breast, lung, renal, gastrointestinal 

and head and neck tumors (18-32). Furthermore a high-quality concordance has been 

shown to exist between the genetic alterations (i.e.; LOH, microsatellite instability, 

mutations) found in circulating tumor DNA and those from the primary tumor suggesting 

a potential surrogate tumor marker (20-22, 27, 28). Early studies have shown prognostic 

importance of circulating microsatellite markers for LOH in blood (21, 24). Since BM is 

a common site for breast cancer recurrence, we sought to determine whether BM aspirate 

plasma could provide a viable source to detect tumor-specific DNA associated with 

systemic metastasis from early stage breast cancers. 



MATERIALS AND METHODS 

Surgical Specimens and DNA Isolation. BM aspirates were collected iii 4.5 ml 

sodium citrate tubes (Becton Dicldnson, Franldin Lakes, NJ) tlirough bilateral a:iterior 

iliac approach from 48 consecutive patients as follows: ductal carcinoma in situ (DCIS), 

1 patient; American Joint Committee on Cancer (AJCC) stage I, 32 patients; AJCC stage 

L, 13 patients; and AJCC stage ID, 2 patients; undergoing surgical resection of their 

primary breast cancer at the Saint John's Health Center/ John Wayne Cancer Institute. In 

addition, five healthy female volunteer donors contributed BM aspirate samples for 

controls. All patients signed an mformed consent form approved by the Institutional 

Review Board. Bone marrow was drawn and (cell-free supernatant) plasma was 

hnmediately separated by centrifugation (1000 x g, 15 min), filtered tlirough a 13-mm 

serum filter (Fisher Scientific, Pittsburgh, PA) to remove any potential contammatmg 

cells, aliquoted and cryopreserved at -30°C. For normal genomic DNA controls, whole 

blood was collected from each patient spotted and stored on FTA blood cards (Fitzco, 

Mmneapolis, MN) prior to DNA isolation. DNA was extracted from one ml of BM 

aspirate plasma usuig QL^amp extraction kit (Qiagen, Valencia, CA) as previously 

described (23). 

To assess the correlation of LOH found m the BM and that of the primary breast 

tumor, DNA was isolated from 10 ^m sections cut from paraffin-embedded tissue blocks. 

Samples were deparaffinized, microdissected using laser captire microscopy (Arctiorus, 

Mountain View, CA) from normal tissue and mcubated with proteinase K m lysis buffer 

(50 mM Tris-HCl, 1 mM EDTA and 0.5% Tween 20) at 37° C overnight and then heated 

at 95° C for 10 min. 



Additionally, each BM aspirate was assessed for the presence of occult tumor 

cells by conventional histologic staining methods using Hematoxylin and Eosin (H&E). 

Microsatellite markers and PCR amplification. Eight polymorphic 

microsatellite markers which correspond to regions that have been shown to demonstrate 

significant LOH suggesting sites of putative tumor suppressor and/or metastasis related 

genes were selected: D1S228 at lp36; D8S321 at 8qter-8q24.13; Dl OS 197 at lOpU; 

D14S51 at 14q32.1-14q32.2- D14S62 at 14q32- D16S421 at I6q22.1; D17S849 at 

17pter-17qter and D17S855 at 17q. All primer sets were obtained from Research 

Genetics (Hunstville, Al) and sense primers were labeled with a fluorescent dye: 5-(and- 

6)-carboxyfluoroscein, FAM. Approximately 20 ng of genomic DNA was amplified by 

PCR in 25 |LI1 reactions containmg IX PCR buffer (Perkin Ehner, Foster City, CA), 6 

pmol of each primer, I unit of Taq DNA polymerase, 2.5 ^iM deoxynucleotide 

triphosphates, and 1.5 mM MgCla. Forty PCR cycles were performed with each cycle 

consisting of 30 s at 94°C, 30 s at 50-56°C, and 90 s at 72°C, followed by a final 

extension step of 72°C for 5 min as previously described (23). 

LOH Analysis. PCR products were electrophoresed on 6% denaturing 

polyacrylamide gel containing 7.7 M urea at 1600V for 2 h. Genomyx SC scanner 

(Beckman Couher, Fullerton, CA) was used to image the fluorescent-labeled PCR 

products and densitometric analysis was performed with ClaritySC software (Media 

Cybernetics, Silver Spring, MD). Intensity calculations and comparisons of the specific 



alleles in patients' normal control and respective BM DNA were performed to evaluate 

for LOH. The LOH was defined if a greater than 50% reduction of intensity was noted in 

one allele from tumor or BM DNA when compared with the respective allele in the 

matched-paired lymphocytes (23). 

Clinical and lustopathologic data was obtained from patient chart review and the 

Breast Tumor Registry at the Jolm Wayne Cancer Institute. CM-Square and Wilcoxon 

Ranlc Sum tests were performed for statistical evaluation of association of BM LOH 

status and loiown prognostic parameters. 

RESULTS 

DNA from BM aspirate plasma samples were isolated and purified.    Eight 

microsatellite markers representing six chromosomes known to have frequent LOH in 

primary breast tumors were assessed. LOH was identified in 11 (23%) of 48 patients' 

BM aspu-ates. LOH was most commonly identified at microsatellite marker D14S62 

occurring in 4 (12%) of 34 informative patients. Microsatellite markers demonstrating 

LOH at D1S228 and D14S51 occurred in 3 (8%) of 38 informative patients each, 

followed by LOH at D8S321 (5%), D10S197 {A%), and D17S855 (3%). No LOH was 

detected for microsatellite markers D16S421 and D17S849 (Table 1). Eight of the 11 

patients witli detectable LOH in tlieir BM demonstrated tliis event at only one of the 

cliromosome loci assessed and three patients (1 stage I, 2 stage H patients) contamed 

LOH for two microsatellite markers. No LOH was detected for any of the microsatellite 

markers assessed in the patient with DCIS or tlie BM aspirates collected firom five 

healthy female donors. 



There was an increased association between the presence of LOH in the BM and 

advanced disease stage. Six (19%) of 32 AJCC stage I patients demonstrated LOH for at 

least one marker, in contrast to 4 (31%) of 13 AJCC stage II patients, and 1 (50%) of 2 

AJCC stage III patients (Table 2). Ten clinicopathologic prognostic factors were assessed 

for correlation with BM LOH status: histologic tumor type, size, grade, Bloom- 

Richardson score, lymph node involvement, presence of lymphovascular invasion in the 

primary tumor, receptor status (estrogen, progesterone, HER2) and p53 status. There was 

an association between larger tumor size and BM LOH positivity: 2.46 cm versus 1.81 

cm, mean tumor sizes, respectively. There was also a trend towards an increased 

incidence of BM LOH in lymph node positive patients as compared with lymph node 

negative patients: 3 (33%) of 9 patients versus 8 (21%) of 38 patients, respectively. No 

significant correlation existed between any prognostic factor and BM LOH status in this 

pilot study except histology.   Lobular carcinomas were more likely associated with 

increased LOH in BM aspirates than infiltrating ductal tumors: 6 (60%) of 10 patients 

versus  5  (14%)  of 37 patients, respectively (Chi-Square test P=0.006).     Larger 

populations with long-term follow-up are warranted to evaluate the  clinical  and 

prognostic utility of this assay. 

To determine whether a correlation existed between the LOH detected in patients 

BM and their primary tumor, DNA was isolated from primary tumors and evaluated with 

identical microsatellite markers. Ten of the eleven patients demonstrating LOH in their 

BM had primary tumors available for assessment. In all ten patients the LOH identified 

in the BM was also present respectively in the primary tumor (Fig. 1). 



Conventional histologic analysis of all specimens using standaord H&E staining 

did not demonstrate occult tumor cells in any of the BM samples. 

DISCUSSION 

There is mounting evidence to suggest that the presence of occuh tt^mor cells m 

the  BM  of breast cancer patients  may have prognostic  significance  (9,   33-38). 

Furthermore, some have shown these findings to be independent of pathologic lymph 

node status (8, 9). Tlrese studies are important because historically 20% of lymph node 

negative patients will  subsequently develop  systemic disease  and therefore  early 

detection of BM micrometastasis may identify high-risk patients for additional systemic 

tlaerapy. More so, BM provides a readily accessible source to serially monitor subclinical 

disease progression and the potential hnpact of adjuvant therapies early in the disease 

course.   Conventional histologic analysis of BM aspirates for tumor cells has proven 

unrdiable (3, 4).   More recently, immunocytochemical techniques using antibodies to 

epithehal  antigens expressed on tumor cells have improved detection  sensitivity. 

However, assay reliability has been shown to be highly dependent on the antibody 

selected as well as the variability by wMchthe tumor cell expresses the preferred epitope 

(8, 11).  Finally, sample processmg and antibody staining require considerable attention 

to methodology and an experienced reviewer to interpret the results. 

With the implication of an accrual of aberrant genetic events in tumor 

development ai.d progression, and tiaeir potential for clonality, these genetic markers may 

provide unique suiTOgates for monitoring subclinical disease events; particularly in light 

of tiae ease and widespread use of PCR teclmiques.    Stixdies have demonstiated the 



presence of circulating nucleic acids in the plasma and serum of patients with various 

malignancies (32). In breast cancer, LOH presence in plasma/serum has been described 

to occur anywhere from 15% to (i&'A (19, 21-23, 30).   These results may vary due to 

differences in tecliniques of sample collection and processing, DNA isolation, PCR 

methods and scoring of LOH.    Furthermore we have shown tliat the presence of 

circulating tumor DNA increases with advancing stage of disease (23). More so, because 

blood is rapidly circulating and an inhospitable environment, and BM is a frequent site of 

breast cancer relapse, we sought to determine whether BM aspirates may harbor tumor- 

specific DNA alterations associated with early breast cancer progression. 

In this study we have developed a highly sensitive method of detecting tumor- 

specific DNA in the BM aspirates of breast cancer patients. The increased incidence in 

more advanced stages correlates with tumor burden and therefore may have applicability 

as a surrogate marker for disease detection, prognosis and monitoring tumor progression 

and response to therapy. Although there was an association between known prognostic 

factors in breast cancer (tumor size, lymph node status, and AJCC stage) and BM LOH in 

this initial report, further studies are underway to address these findings in a larger cohort 

of patients for clinical significance.  The advantage of this approach is its ease of use as 

an assessment tool and its broad application to a variety of malignancies.  Identification 

of additional tumor-specific genetic markers or combuiations tliereof may furtiier 

enhance tiie assay's utility.   Stable tumor-specific DNA markers tliat accurately reflect 

minimal disease states, correlate with tumor progression and which can be readily 

measured are highly desned.   The genetic-based diagnostic test we have described is 

highly    sensitive    and    specific.        This    approach    may    provide    a    unique 



alternative/supplement to optical systenas for occult tumor detection which catx be 

tecMcally demanding and viewer dependent, or those methods (RT-PCR) that assess 

niRNA markers which may have limited specificity as a result of unstable gene products, 

variable expression levels and nonspecific transcripts (39-42). Although the source of 

this free DNA is unlaiown (i.e.: tumor cells in BM, blood or the primary tmnor), 

detection of genomic alterations in BM can be significant and may prove more specific 

tlian immunoMstochemical and/or current mRNA marker assays. Larger studies are 

presently   underway   to   evaluate   these   findings   and   determine   clinicopatliologic 

correlations. 

We found LOH on chromosome 14q as the most fiequent event identified on 

circulatmg DNA in BM. In a previous study LOH on 14q has been shown to occur more 

commonly in primary tumors without lymph node metastasis suggesting a site for a 

possible metastasis related gene, however tlie metastasis itself was not assessed for LOH 

(43).    One explanation is 1iiat metastatic clones at different sites may demonstrate 

different LOH profiles. Additionally, differences in these results may reflect Hie stability 

of this marker as detected from various sources (blood, BM, tumor tissues) or it may be 

uniquely associated with site-specific metastasis. Molecular markers tliat are specific for 

tl.e metastatic phenotype and/or sites of metastasis may prove usefiil for focusing clinical 

assessments. 

Our incidence of LOH ranged from 0-12% for any of tlie microsatellite markers 

for informative cases. Shnilar detection of LOH has been described from the peripheral 

plasma/sei-um of early stage breast caiacer patients (19, 22, 23). For 10 of the 11 patients 

who's BM contained LOH, primary tiimor blocks were available for assessment and in all 



cases a similar corresponding LOH pattern was identified in the respective primary tumor 

specimens.   Tlie findings demonstrate tlie specificity of this marker detection system. 

Moreover, no patients had detectable tumors cells identified on routine histopathologic 

examination.  This demonstrates the relative ease and sensitivity DNA detection assays 

pose as potential surrogates of subclinical disease. Because of earlier detection of breast 

cancers and the benefits of adjuvant chemotherapy in these stages the implications of 

these findings will require long-term follow-up for clinical correlation. However, it must 

be emphasized that a need exists for improved methods of occult disease surveillance to 

more accurately assess individual patient risk and modify treatment strategies accordingly 

before clinical manifestations occur. 
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TABLE 1: LOH frequency in Breast Cancer Patients' 
Bone Marrow Aspirates 
Itoi^Site^^^S^       EoHinBMaspirates/irformative 

cases (%) 

D14S62 4/34 (12%) 

D14S51 3/38 (8%) 

D1S228 3/38 (8%) 

D8S321 2/39 (5%) 

D10S197 1/26 (4%) 

D17S855 1/37 (3%) 

D17S849 0/31 (0%) 

D16S421 0/28 (0%) 



TABLE 2: Association of LOH in patients' BM aspirates 
with AJCC stage  

AJCC Stage Patients with LOH in BM/ total 
patients (%) 

I 6/32(19%) 
n 4/13(31%) 
III 1/2 (50%) 



Figure Legend 

Fig. 1 Representative images demonstrating LOH in breast cancer patients' paired BM 

aspirate (BM) ai.d primary tamers (T) at D14S62, D14S51, and D8S321, 

respectively. Allelic loss is represented by the arrows. First Imie of each panel 

exhibits patients' lymphocyte DNA (L) allele pattern as a control. 
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monly assessed niRNA markers include CK18,^ CK19, COO, 
Mucin-1 (MUC-1), and carcinoembi7onic antigen. However, recent 
studies have shown several of these markers to be expressed in normal 
cells of peripheral blood, lymph nodes, and/or bone maiTow yielding 
false-positive results (13-16). More so, many of these molecular 
markers are also expressed frequently in normal epithelial cells. In 
addition, we have shown that no one tunror marker is consistently and 
specifically expressed by all of the primary tumors for a particular 
malignancy, and marker expression may vary between a primary 
tumor and its metastasis (16, 17). These findings may contribute to the 
lack of consistent correlations between any ■one tumor marker and 
well-lcnown clinical and pathological prognostic factors. Cun-ently 
there is no consensus reconmiendation for the routine use of molec- 
ular mai-kers in monitoring disease detection in blood or other body 
fluids (18). These conclusions are based on inconsistent results from 
stodies on breast cancer tumor marker expression and disease detec- 
tion and/or progression (3,13,16). Because of these limitations many 
investigators are developing new methods for the detection of circu- 

lating occult tumor cells. 
Our hypothesis is that a multimai-ker approach with a panel of 

tumor-specific mRNA markers may improve the sensitivity and spec- 
ificity for the detection of circulating mmor cells over single marker 
assays in patients with breast cancer. Breast tomors are composed of 
a heterogeneous collection of ceUs with differing levels of individual 
gene expression; therefore, the predominant ceU type or its metastasis 
may not express a particular- marker assayed (19, 20). Furthermore, 
tumors continuously evolve genetically over time in response to host 
pressures and treatment interventions, which suggests that single 
marker testing may be an overly simplistic method to monitor cancer 
progression. In this study we used a combination of tumor-specific 
mimA markers to avoid the inherent limitations associated with the 
single mai-ker teclinique. In addition, ECL was used, which we have 
shown allows for the quantitation of PCR results to additionally 
enhance assay sensitivity (21). 

The study panel consisted of four mRNA tumor markers: /3-hCG, 
c-Met, GalNAc-T, and MAGE-A3, all shown previously to be signifi- 
cantly'expressed in breast cancer. ^-hCG is a subunit of human chorionic 
gonadoti-opin, and the abnormal elevation of its expression has been 
demonsti-ated in several types of carcinomas including breast cancer (5, 
22, 23). The pathophysiological mechanism of abnontially elevated 
^-hCG expression in carcinomas is still unlmown. The c-Met oncogene 
encodes for hepatocyte growth factor receptor, which is a tyrosine kinase 
ti-ansmembrane protein receptor (24). Hepatocyte growth factor binding 
to the receptor transduces a signal for cell dissociation, motihty, and 
mitogenesis (25, 26). Its expression in breast cancer has been shown 
recently to independently predict survival (27). GalNAc-T is a key 
enzyme in the biosynftetic pathway of gangliosides GM2/GD2, which 

ABSTRACT 

Currently, molecular markers offer the unique opportunity to identify 
occult metastasis in early stage cancer patients not otherwise detected with 
conventional staging techniques. To date, well-characterized molecular 
tumor markers to detect occult breast cancer cells in blood are limited. 
Because breast tumors are heterogeneous in tumor marker expression, we 
developed a "multimarker" reverse transcription-PCR assay combined 
with the highly sensitive electrochemiluminescence automated detection 
system. Breast cancer cell lines (H = 7), primary breast tumors (n = 25), 
and blood from normal donors (H = 40) and breast cancer patients 
[n = 65; American Joint Committee on Cancer (AJCC) stages I-IV] were 
assessed for four mRNA tumor markers: /3-human chorionic gonado- 
tropin (p-hCG), oncogene receptor (c-Met), |3 1^4-iV-acetylgalactosami- 
nyl-transferase, and a tumor-associated antigen (MAGE-A3). None of the 
tumor markers were expressed in any normal donor bloods. Breast cancer 
cell lines and primary breast tumors expressed /3-hCG, c-Met, /3 l->4-iV. 
acetylgalactosaminyl-transferase, and MAGE-A3 mRNA. Of the 65 breast 
cancer patient blood samples assessed, 2,3,15, 49, and 31% expressed 4, 
3, 2, 1, and 0 of the mRNA tumor markers, respectively. At least two 
markers were expressed in 20% of the blood specimens. The addition of 
a combination of markers enhanced detection of systemic metastasis by 
32%. In patient blood samples, the MAGE-A3 marker correlated signif- 
icantly with tumor size (P = 0.0004) and AJCC stage (P = 0.007). The 
combination of p-hCG and MAGE-A3 mRNA markers correlated signif- 
icantly with tumor size (P = 0.04), and the marker combination c-Met and 
MAGE-A3 showed a significant correlation with tumor size (P = 0.005) as 
well as AJCC stage (P = 0.018). A multunarker reverse transcription- 
PCR assay that correlates vrith known clinicopathological prognostic 
parameters may have potential clinical utility by monitoring tumor pro- 
gression with a blood test. 

INTRODUCTION 

Recun-ent disease in breast cancer patients is a consequence of 
undetected metastasis that has occurred before initial diagnosis. Clin- 
ical stodies have demonstrated no significant increase in the incidence 
of distant metastasis in patients whose lymph nodes are not removed 
until they develop clinical evidence of disease, suggesting that the 
hematogenous route is a significant source for tumor dissemination (1, 
2). Therefore, blood analysis offers an appealing approach for the 
detection of occult metastasis in eaily stage patients, which may be of 
prognostic significance, and may provide an innovative method to 
monitor tumor progression and assess response to ti'eatment. 

Several molecular markers for the detection of occult breast cancer 
tomor cells in peripheral blood have been described (3-12). Corn- 
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are oncofetal glycolipids found elevated in expression on tlie surface of 
vaiious types of cancer cells (28-30). GalNAc-T can add specific cai-- 
bohydrate molecules to other carbohydrate molecules as well as proteins; 
in particular, GalNAc-T adds specific carbohydrate molecules to GM3 

and GD3 to produce GM2 and GD2, respectively (29). GangUosides have 
been shown to play a role in tumor progression (29-31). GM2 has been 

found on breast cancer ceUs (32, 33). MAGE-A3 has been found to be 

expressed in several types of carcinomas including breast cancer and 
encodes for a highly immunogenic protein with an unknown function 

(34-36). The only normal tissues as assessed by molecular techniques 
that express this gene ai'e testis and placenta. In this study we demonstrate 

the expression of these RT-PCR maikers in breast cancer tumors and 
their potential clinicopathological utility in assessing patients blood. 

PATIENTS AND METHODS 

Cell Lines. The breast cell lines BT-20, MCF-7, T-47D, and MDA-MB- 
231m and the chorlocarcinoma cell line JAR were obtained from the American 
Type Culture Collection (Rockville, MD) and cultured according to instruc- 
tions. In addition, the 734B line is an established subclone of MCF-7 (5). The 
breast cancer cell lines JM992Br and PM277Br are breast cancer cell lines 
established and characterized at the John Wayne Cancer Institute. The cell 
lines were grown in RPMI 1640 (Gemini Bioproducts, Calabasas, CA) plus 
10% PCS (heat-inactivated), penicillin, and streptomycin (Life Technologies, 
Inc., Grand Island, NY) in T75 cm' flasks. 

Surgical Specimens and Blood Preparation. Breast tumor surgical spec- 
imens were obtained after informed consent in consultation with the surgeon 
and pathologist. The patients were from two hospitals: Saint John's Health 
Center in Santa Monica, CA, and the Martin Luther King, Jr./Drew Medical 
Center in South Central Los Angeles, CA. All of the tissues were collected and 
dissected under stringent sterile condidons to prevent RNA contamination. 
Institutional review board approval was obtained for the use of human subject 
blood specimens from breast cancer patients and normal healthy donors. Blood 
(10 ml) was collected in sodium citrate-containing tubes, as described previ- 
ously (16), from breast cancer patients (stages I, II, and III before initial 
surgery, and stage IV at diagnosis) and healthy female donor volunteers. The 
PBLs were collected using Purescript RBC lysis buffer (Centra, Minneapolis, 
MN), and centrifugation followed by physiological PBS wash. 

TRI Reagent (Molecular Research Center, Cincinnati, OH) was used to 
isolate total RNA from the cell lines, surgical tumor specimens, and blood 
lymphocytes, as described previously (16). The concentradon, purity, and 
amount of total RNA were determined by UV spectrophotometry. The integrity 
of all of the RNA samples was verified by performing RT-PCR for the 
housekeeping gene, PBGD, and mRNA expression was assessed by ECL. 
Tissue processing, RNA extraction, RT-PCR assay set-up, and post-PCR 
product analysis were carried out in separate designated rooms. 

Multimarker Detection Assay 

Primer and Probe Synthesis. Biotinylated oligonucleotide primers for 
PCR and tris(2,2'-bipyridine)ruaienium(II) (TBR)-labeled probe for hy- 
bridization were synthesized by The Midland Certified Reagent Company 
(Midland, TX). Primers and probe sequences were designed for optimal 
PCR and ECL assay system by using Oligo Primer Analysis Software, 
version 5.0 by National Biomedical Systems (Plymouth, MN). To avoid 
amplification of genomic DNA, primers were designed to target cDNA 
amplification by selecting gene-specific primer sequences on different 
exons. The tumor marker pair sequences all spanned at least one intron, as 
described previously. Primer sets for tumor markers were designed for 
optimal activity using die ECL system. 

Hybridization internal probe sequences extending through at least one 
exon-exon junction were selected to ensure detection of only RT-PCR specific 
cDNA products. This prevented nonspecific detection of corresponding 
genomic regions under optimal ECL conditions. Internal probes were labeled 
with TBR and synthesized by The Midland Certified Reagent Company. The 
following probe sequences were synthesized: PBGD, 5'-TBR-GTA TGC GAG 
CAA GCT GGC TCT TGC GG-3'; j3-hCG, 5'-TBR-GCA GAG TGC ACA 
TTG ACA GCT-3'; c-Met, 5'-TBR-ACT TCA TAT AAG GGG TCT GGG 
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C-3'; GalNAc-T, 5'-TBR-GTT GTA CTG GGC TCC CTG GGG T-3'; and 
MAGE-A3, 5'-TBR-ACT CGG CAG CAG GCA CCT CCC CCA G-3'. 

RT-PCR. Reverse transcription was performed using Moloney murine 
leukemia virus reverse-transcriptase (Promega, Madison, WI). The same 
amount of RNA was used in all of the reactions for all of the samples in the 
study, including the conti-ol samples. All of the reverse transcription reactions 
were carried out with oligo-dT priming, as described previously (5). The PCR 
conditions were set up as follows: 1 cycle of denaturing at 95°C for 5 min 
followed by 35 cycles of 95°C for 1 min; 55°C for c-Met and MAGE-A3; 65°C 
for p-hCG and GalNAc-T for 1 min; and 72°C for I min before a final primer 
sequence extension incubation at 72°C for 10 min. PCR products were eval- 
uated by automated ECL analysis on the ORIGEN Analyzer (IGEN Interna- 
tional Inc., Gaithersburg, MD). 

ECL Analysis of cDNA Products. PCR products were detected using an 
Origen Analyzer (IGEN). Briefly, 5 p,l of PCR product were hybridized with 
10 pmo! of TBR-labeled internal probe (The Midland Certified Reagent 
Company) in PCR buffer (10 mmol/L Tris HCl, pH 8.3; 50 mmol/L KCI) for 
30 min by denaturing at 95°C for 10 min followed With 20 min of hybridization 
incubation at 55°C for c-Met and MAGE-A3, and 65°C for /3-hCO and 
GalNAc-T. The cDNA-probe hybrids were then captured by M-280 strepta- 
vidin-coated Dynabeads by vortexing at room temperature for 30 min. The 
Origen Analyzer was used to measure the ECL activity generated by the 
electrochemical reaction of the TBR and ORIGEN assay buffer (IGEN Inter- 
national Inc.). Results were expressed as ECL U, and positive samples were 
determined when the sample expresses a level of ECL U greater than the cutoff 
point. The cutoff point for determining sample positivity was three SDs above 
the mean ECL U of the healthy donor PBL samples assessed in each assay. For 
each assay, at least two positive controls (cell lines tested positive for the 
respective markers), at least three healthy donor PBL samples, and reagent- 
negative controls (reagent alone without RNA or cDNA) for the RT-PCR/ECL 
assay were included. Each assay contained its own set of controls to establish 
background levels for the RT-PCR/ECL system. Assay results shown in 
figures were representative samples from individual assays. Assays were 
repeated at least twice to verify results. Accuracy of the RT-PCR/ECL detec- 
tion assay for PCR cDNA products has been demonstrated previously by gel 
electrophoresis, and Southern blot with specific cDNA probes and sequencing 
of the final products (5, 21, 29, 37-39). 

Statistical Methods. To investigate the association between single and 
multimarker combinations and clinicopathological parameters, t test was used 
for continuous variables, x^ test was used for categorical variables, and 
Kruskal-Wallis test was used for ordinal variables. A two-tailed P < 0.05 was 
considered statistically significant to reject the null hypothesis. 

RESULTS 

Breast Cancer Cell Lines and Primary Breast Tumor Analysis. 
The chorlocarcinoma cell line, JAR, and seven breast cancer cell lines 
were assessed for tumor mRNA marker expression. Three mRNA 
tumor markers, /3-hCG, c-Met, and GalNAc-T (Fig. 1, A-C; Table 1), 
were expressed in 7 of 7 (100%) breast cancer cell lines and the JAR 
cell line. MAGE-A3 mRNA (Fig. ID; Table 1) was expressed in 3 of 
7 (43%) breast cancer cell lines and also the JAR cell line. In addition, 
25 primary breast tumor specimens were evaluated for mRNA marker 

expression (Table 1). Of these, jS-hCG mRNA was expressed in 19 of 
25 (76%), c-Met mRNA in 19 of 25 (76%), MAGE-A3 mRNA in 12 

of 25 (48%), and GalNAc-T mRNA in 11 of 25 (44%). By examining 
the number of markers detected, 24 of 25 (96%) of the breast tumors 
expressed at least one marker, 21 of 25 (84%) expressed at least two 
markers, 12 of 25 (48%) expressed at least three markers, and 4 of 25 

(16%) expressed all four of the markers (Table 2). This demonstrated 
the heterogeneity of marker expression by a primary tumor and the 

potential need to use a multimarker approach for detecting occult 
metastatic tumor cells. 

RT-PCR Marker Expression in Blood. Blood was obtained from 
40 healthy female donors with no history, of cancer. None of the four 
mRNA markers, /3-hCG, c-Met, GalNAc-T, or MAGE-A3, was ex- 
pressed in any of these healthy donor bloods under the optimal assay 
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conditions. AH 40 of the healthy donor blood samples expressed back- 
ground ECL less tiian tlie cutoff point, which was detenmned by addmg 
thi-ee SDs to the mean of aH 40 of tlie samples. Using, tlie positive cutoff 
point, patient blood sample ECL U values were considered statistically 
significant above healtliy donor samples (P < 0.05). 

Blood was obtained from 65 breast cancer patients with an average 
age of 56 years (range, 29-83 years of age). Patient AJCC stage at the 
time of blood coUection was as follows: 26 patients, stage I; 23 
patients, stage H; 9 patients, stage IH; and 7 patients, stage IV (Table 
3). Breast cancer patient demographics are summaiized in Table 4. All 
of the blood specimens were collected preoperatively for patients m 
AJCC stages I, H, and m. Stage IV patient blood specimens were 
collected at tlie time of diagnosis. Samples were coded before being 

- Table 1 inRNA tumor marker expression'  

Tables Con-elation ofmRNA tumor markers delected in blood to AJCC stage" 

AJCC 
stage 

Number of markers detected in blood 
Total 

patients 

I 
n 
m 
IV 
Total 

11 
5 
2 
2 

20 

12 
12 

6 
2 

32 

3 
5 
0 
2 

10 

26 
23 

9 
7 

65 

"Markers detected are |3-hCG, MAGE-A3,  c-Met, 
RT-PCR/ECL. 

and  GalNAc-T mKNA by 

Tumor mRNA 
marker 

Breast cancer 
cell lines 
(" = 7) 

Primary breast 
tumors 

(V = 25) 

Breast cancer 
patient bloods 

(« = 65) 

Healthy 
female donor 

bloods 
(H = 40) 

;3-hCG 
c-Met 
GalNAc-T 
MAGE-A3 

7 (100%) 
7 (100%) 
7 flOO%) 
3 (43%) 

19(76%) 
19 (76%) 
11(44%) 
12 ( 

22 (34%) 
7(11%') 

24 (37%) 
9 (14%) 

0 (0%) 
0 (0%) 
0 (0%) 
0 (0%) 

'Marker expression refers to RT-PCR/ECL positive. All specimens assessed were 
PBGD RT-PCR positive by ECL. RNA (1 ng) used for each assay. 

Table 2 Distribution of mRNA tumor markers" 

Number of mRNA markers positive 

Specimens 0 

Breast cancer cell lines (n = 7) 
Breast primarj' tumors {n = 25) 
Breast cancer patient blood (;i = 65) 

0 
1 

20 

0 
3 

32 

0 
9 

10 

"Specific mRNA markers assessed were: p-hCG, c-Met, GalNAc-T, and MAGE-A 

by RT-PCR/ECL. 

assessed; individuals performing the assays were bUnded from patient 

clinical status. 
At least one mmor marker was detected in 69% of the blood 

samples (45 patients; Table 3). Two or more tamor markers were 
expressed in 20% (13 patients), and tlu-ee or more markers were 
detected in 5% of patients. The most frequently expressed marker 
detected in the blood of patients was GalNAc-T mRNA (n = 24 
patients; 37%; Table 1). Tliis was followed by ^-hCG mRNA {n - 22 
patients! 34%); MAGE-A3 mRNA in = 9 patients; 14%); and c-Met 
mRNA (;j. = 7 patients; 11%; Table 1)., 

Thirty-two of 65 (49%) patient blood samples demonstrated the 
presence of only one marker. Two markers were detected m blood 
samples from 10 patients (15%). Three markers were detected in 
blood samples from two patients (3%) and one patient blood sample 
expressed all four markers (2%). The most conunonly coexpressed 
two-mai-ker combination was GalNAc-T and ^-hCG mRNA occur- 
ring in 11 patients (17%) followed by c-Met and /3-hCG mRNA m 

four patients (6%). 
Assay Detection Sensitivity. Serial RNA dilution analysis was 

used to assess detection sensitivity of the assay. Tlie JAR cell line was 
used, because it expressed all four of the himor markers by RT-PCR/ 
ECL. Total RNA was isolated and purified from the cancer cell Kne 
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Table 4 Palienl clinical characteristics 

Patient characteristic 

Primary tumor 
TI(£2cm) 
T2 (>2 cm-5 cm) 
T3 {>5 cm) 
T4 
Unknown 

Regional lympli nodes 
Negative 
Positive 
Unlcnown 

Distant metastasis 
MO 
Ml 

AJCC stage 
I 
II 
ni 
IV 

Histologic grade (modified Blcom-Richardson score) 
Low (3^) 
Intermediate (5-7) 
Higli (8-9) 
Unknown 

Estrogen receptor 
Present 
Absent 
Unknown 

Progesterone receptor 
Present 
Absent 
Unknown 

Her2 receptor 
Low 
Intermediate 
High 
Unknown 

Age (yr.) 
Average 
Range 

Menopaiisal status 
Pre-menopausal 
Post-menopausal 
Unknown 

Histologic type 
Infiltrating ductal 
Infiltrating lobular 
Other 
Unknown 

S phase 
High 
Intermediate 
Low 
Unknown 

Ploidy 
Aneuploid 
Diploid 
Tetraploid 
Unknown 

No. 

35 
18 
7 
2 
3 

32 
29 
4 

58 
7 

26 
23 
9 
7 

19 
20 
24 

2 

50 
12 
3 

37 
24 
4 

41 
3 
6 

15 

56 
29-83 

17 
40 

53 
7 
4 
1 

13 
6 

29 
17 

20 
30 
2 

13 

and then serially diluted in molecular biology grade water (DNase- 
free and RNase-free; 5 prime to 3 prime, Inc., Boulder, CO). RT- 
PCR/ECL was performed for each marker on serially diluted RNA. 
Expression of each marker could be detected at a total RNA concen- 
tration of > 1.0 ng/ml (Fig. 2). 

To additionally assess the sensitivity of the assay, an in vitro model 
was set up by serially diluting tumor' cells in healthy donor PBL. 
Breast cancer cell lines MCF-7, T-47D, and JAR were serially diluted 
in healthy donor PBL to determine the cellular level of detection 
sensitivity. Tumor cells could be detected at concentrations of approx- 
imately 1-5 tumor cells in 10'' PBL for individual mRNA tumor 
markers. 

Multimarker  RT-PCR  Correlation  with   Clinicopathology. 
Twelve clinicopathological parameters (age, tumor grade, histological 
type, modified Bloom-Richardson score, DNA ploidy, S phase, pri- 
mary tumor size, presence of lymph node metastasis, estrogen recep- 
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_    tor, progesterone receptor, Her2 receptor status, and AJCC stage) 
_    were assessed to determine whether any correlation existed between 

mRNA tumor marker expression and well-established prognostic fac- 
tors (Table 4). 

Statistical analysis was performed to determine whether the fre- 
quency of RT-PCR marker expression or the combination thereof 
correlated with those commonly assessed clinicopathological param- 
eters associated with breast cancer prognosis. Only tumor size and 
AJCC stage correlated with single- and multimarker expression. Us- 
ing univariate analysis, only the MAGE-A3 marker demonstrated a 
significant correlation with known prognostic clinicopathological pa- 
rameters. The mean tumor size in MAGE-A3 mRNA-positive patients 
was 4.2 ± 1.9 cm versus 12 ± 1.6 cm in MAGE-A3-negative patients 
{P = 0.004). When assessed for patient T status, MAGE-A3 marker 
detection significantly correlated {P < 0.0004) with an Increasing T 
size as follows: 0 of 35 T, patients; 3 of 18 T^ patients; 4 of 7 T3 
patients; and 1 of 2 T4 patients were MAGE-A3 marker positive. 
These findings remained statistically significant in multivariate anal- 
ysis (P = 0.02). Patients with axillary lymph node metastasis were 
more likely to have circulating tumor cells as demonstrated by an 
increased frequency of MAGE-A3 positivity (5 of 29 patients; 17%) 
when compared with those without lymph node involvement (3 of 32 
patients; 9%). Because of the limited number of patients with lymph 
node metastasis, this difference did not reach statistical significance, 
MAGE-A3 expression was significantly (P = 0.007) associated with 
advanced AJCC stage. None of 26 patients in stage I and three of 23 
patients (13%) in stage H expressed MAGE-A3, whereas 6 of 16 
(38%) patieiits in stage HI and IV were MAGE-A3 marker positive. 

Combinations of markers were assessed to determine whether the 
frequency of any specific combinations coiTelated with any of the 
clinical or pathological parameters. The combination of c-Met and 
MAGE-A3 markers correlated with an increasing T classification 
(P = 0.005), as well as advanced AJCC stage (P = 0.018). The two 
marker combination of ^-hCG and MAGE-A3 showed significant 
correlation between expression and increasing tumor size (P = 0.04). 
Two combinations of three markers c-Met, GalNAc-T, MAGE-A3, 
and c-Met, ^-hCG, MAGE-A3 showed significant con-elation with 
AJCC stage (P = 0.02) and tumor size (P = 0.02), respectively. 

DISCUSSION 

Increased accuracy in staging breast cancer patient disease and 
initiation of earlier therapeutic interventions are beneficial conse- 
quences of technological advancements that identify high-risk patients 
early in their disease course. Blood testing provides a minimally 
invasive method to evaluate the presence of circulating tumor cells 
that may serve as indicators for assessing risk of recurrence. Current 
imaging techniques used to identify breast cancer metastasis often 
require the presence of significant tamor burden for detection. Fur- 
thermore, the procurement of sufficient tissue to confirm the diagnosis 
can be associated with significant morbidity and cost depending on 
the size and location of the lesion. Therefore, the utility of detecting 
tumor cells in the blood potentially offers a practical, safe, and 
cost-effective alternative to traditional methods of diagnosing disease 
recurrence and/or systemic spreading. 

RT-PCR analysis is a particularly sensitive technique for the pur- 
pose of detecting occult breast cancer cells in the blood, bone marrow, 

and lymph nodes of breast cancer patients (6-9, II, 12). However, the 
detection method and analysis of cDNA products are also very critical 
in interpreting results. The multimarker RT-PCR/ECL assay provides 
a highly sensitive automated detection assay. The unique features of 
this assay are that it allows capture and isolation of the specific target 
PCR cDNA products in the solution phase, plus the specificity is 
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Fi" •' Tumor cell line (JAR) serial RNA dilution. RT-PCR/ 
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enhanced by hybridization with a labeled internal probe to the specific 
cDNA product (21). ITie assay involves ECL detection using Ongen 
instrument technology allowmg comparative "semiquantitative" analysis 
of multiple samples. Tliis assay may additionaUy enliance detection over 
sin<^le-mai-ker methods by incoiporating a panel of mRNA markers to 
account for himor ceU heterogeneity tliat may exist between patients, as 
weU as between the primary tumor and its metastasis. ^ 

Using the four mRNA tumor markers ^-hCG, c-Met, GalNAc-T 
and MAGE-A3, we found frequent expression in breast cancer cel^ 
lines and tumor specimens, and no expression in bloodfrom nonna 
donors. Not aH of the tumors expressed each maite, witii mdmdual 
mai-ker expression in mmor specimens rangmg fi-om 44 to /b/o. ine 
higher expression in cell lines and the variable expression m tunior 
specimens were expected because of heterogeneity of cells within 
tumors. Assessing for the combination of markers improved assay 
sensitivity to 96%, which was 20% above the liighest single-marker 
detection frequency. These fmdings provide evidence that a panel of 
tumor mai-kers may increase detection over single tumor-marker tedi- 
niques. AdditionaUy, the multimai-ker assay can provide valuable 
information on the characteristic properties of mmor ceUs, which may 
more accurately gauge tomor aggressiveness as well as identify po- 
tential targets for tlierapy. The mRNA markers used in tlie assay, such as 
c-Met. GalNAc-T, and MAGE-A3, individually, have been demonstrated 
previously to be associated with mmor progi-ession (27, 29, 31). 

In this study, 45 of 65 (69%) patients had positive blood samples by 
RT-PCR for at least one of the four mRNA markers tested. The blood 
level of expression for each marker ranged from 11 to 37%,, demon- 
shratin.^ that no one mai'ker alone was ideal for detecting occult 
circulating mmor cells. By using multiple markers, the assay detected 
an increase (32%) in the number of patients with positive blood 
samples, demonstratmg a significant improvement in the sensitivity 

over a single-maiicer assay. 
Tumor progression can involve a latent penod m which metastatic 

cells with different gene expression profiles exist. Detection of those 
prevailing cells may require the use of more than one marker over 
time Nowhere is this more evident than in breast cancer where many 
patients treated for early stage disease may a have prolonged disease- 
free interval only to relapse years later. During this follow-up penod. 
metastatic cells may undergo significant changes in gene expression. 
No one breast cancer marker has demonstrated consistent rehability m 
predicting relapse to date (40). Assessing more than one marker may 
enhance the upstaging of patients at the time of their initial diagnosis 
and allow for stratification into adjuvant therapy protocols accordmg 

to the presence of a particular marker or the expression of a umque 
combination of markers. Furthermore, these detection methods may 
provide a more cost-effective approach by selectively instituting ad- 
juvant therapy in patient subsets at high risk for metastatic disease 
based on a predefined molecular- maiter profile. 

Because chnical outcomes in breast cancer often requu-e a prolonged 
follow-up wliich is still m progress for the cunrent stody, mRNA tamor 
mai-ker expression was evaluated against Icnown prognostic clinicopath- 
olooical factors for coixelation. Only MAGE-A3 mRNA expression 
showed a significant correlation witii two prognostic parameters: paHio- 
looical tumor size and advanced AJCC stage. As additional marlcers 
inTproved assay detection sensitivity, statistical analysis of multmiarker 
combinations with clinical and histopathological factors were performed 
to determine whetlier significant coixelations existed. The combmation of 
c-Met and MAGE-A3 inRNA expression correlated with mcreasmg 
mmor size and AJCC stage. Tlie combination of ^-hCG and MAGE-A3 
mRNA con-elated wida mmor size and showed a trend with advanced 
AJCC stage The tteee mmor mai-ker combinations of c-Met, GalNAc-T, 
MAGE-A3 and c-Met, P-hCG, and MAGE-A3 con-elated with advanc- 
ina sta°e and tomor size, respectively. It must be noted that most AJCC 
st^ge V^ patients receive chemotherapy, and its impact on mmor cell 
presence in blood needs to be additionaUy examined in defined treatment 
protocols. However, tliis subgi-oup comprised a relatively smaU propor- 
tion of patients (n = 1) in Uiis stody. The majority of patients enroUed m 
this stody were diagnosed with early invasive breast cancer, AJCC stage 
I and n Tlie impUcations of detectuig occult cu-culating mmor ceUs usmg 
a combination of moleculai- marlcers, which demonsti-ate cUnical coite- 
lation may not only enliance msight into tlie biological behavior of Uie 
tomor of an individual but may provide valuable prognostic mfonnation, 
wMch can be readUy monitored tliroughout the disease course. Addition- 
aUy assessment of the functional role for tliese tomor mai-kers in cancer 
profession may identify patients at Mgh risk for relapse when compared 
with the same cUnical stage patients whose tomor ceUs do not express 

these mai-kers. ,    ,        » 
Approximately 30% of breast cancer patients who have tumor- 

ne-ative lymph nodes develop recun-ent disease (41). We have 
defected micrometastatic disease previously using RT-PCR m pa- 
tients whose lymph nodes were negative by H&E and immuno- 
histochemistry (37). The clinical implications of these fmdmgs 
await the resuUs of longer-term follow-up. Blood testmg for the 
presence of occult tumor cells may provide a complementary 
technique to enhance current methods for staging disease. The 
potential advantage of a blood RT-PCR assay is that it provides the 
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opportunity to serially assess tumor progression and/or response to 
therapy through an easily accessible route that is associated with 
minimal inconvenience to the patient. 

;       Identification of those patients with eaily stage breast cancer who 
are at high risk of recurrence based on the detection of occult circu- 
lating tumor cells has significant prognostic implications. We have 
Identified a panel of four tumor markers useful for the detection of 
circulating tumor cells in the blood of breast cancer patients In this 
study, those patients whose tumors expressed certain marker combi- 
nations showed a significant correlation with tumor size a well- 
established poor prognostic factor (42). Recent evidence suggests that 
the detection of micrometastasis in the bone marrow and/or lymph 
nodes of cancer patients has prognostic value and can identify those at 
increased risk for recurrence (43-45). Long-term clinical follow-up in 
those patients with occult tumor cells in the blood detected by multi- 
marker RT-PCR will determine the clinical utility of this technique 

20. 

21. 
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